The impact of photovoltaic (PV) 
BACKGROUND
Vattenfall Distribution Sweden has since 2003 built up an AMR/AMI-platform including remote controlled smart meters. The main reason for the installation has been to automate the meter value collection process and support the customer with bills based on actual consumption. Based on this, Vattenfall has taken the next step and uses the AMR information in new areas.
Project Area Measurement
Project Area Measurement (PAM) is a project initiated within Vattenfall in order to investigate how smart metering data could be used to improve network analysis in order to optimize the asset management process and hopefully reduce the investment costs. Within the scope of the project, meters have been installed in 14 secondary substations and hourly meter values have been collected from these meters and also from all other meters in the same low voltage network. The analysis conducted in this paper only uses the hourly meter data collected from the secondary substations.
Studied time period
The time period that have been chosen for the analysis is May 25 th , 2010 -May 24 th , 2011.
STUDIED LV-NETWORKS
The studied low voltage (LV) networks are listed in table  1 together with number of customers and characteristic type of heating. Networks without characteristic heating can be assumed to have a mix of different types of heating. 
Figure 2. Schematic illustration of measurement points
The charge for annual energy (C W ) and peak power (C P ) are assumed to be based on measurements on the medium voltage side as illsutrated above.
LOSS EVALUATION AND PROCUREMENT
The loss evaluation is used by transformer designers to optimize the use of core material in transformers. The material cost is optimized against cost of future losses.
TCO approach in transformer procurement
The proposed method for selecting transformers with the lowest total cost of ownership (TCO) is described in European standard EN 50464-1 [1] . According to this method, the total cost of ownership is defined as: The coefficients A and B are determined by equations (2) and (3).
( ) 
Net present value coefficient
The net present value (NPV) coefficient is obtained from company specific interest rates, book life of transformer and future electricity price predictions.
Demand factor
The demand factor, D, gives the difference between the maximum power demand of actual load and the rated transformer power. The maximum power demand from loads can be obtained from historical measurements or by calculations.
Where: D Demand factor (pu ) S max Maximum power demand from loads (kW) S n Transformer rated power (kW)
Classic approach to determine load loss factor
The transformer load characteristics are used to determine coefficient B in equation (1) . The loss factor and transformer peak load can represent the load characteristics when determining B. As a general practice [3] , the loss factor is determined as (2). 
AMR approach to determine load loss factor
The AMR approach for determination of the loss factor uses annual loss energy W l as expressed in (6).
Further on, P l can be written as:
This gives the final expression that has been used in the AMR approach to determine load loss factor: 
PHOTOVOLTAIC LOAD FLOW MODEL
The impact of PV generation has been studied using a simplified load flow model combined with sun radiation data.
Photovoltaic generation model
Calculations of load flow and losses have been done using a simplified PV model. The model is based on the Matlab code in [4] and uses direct sunlight radiation as input and scaled in accordance to the desired PV penetration level. The model assumes that PV cells are mounted towards south with an angle of 30 degrees from the horizontal plane.
Sunlight irradiance data used for PV modelling
Data used for modelling PV generation have been from the STRÅNG model. This model produces instantaneous fields of global radiation, photosynthetically active radiation, UV radiation (CIE weighted) and direct radiation together with sunshine duration at a horizontal resolution of about 11 x 11 km and a temporal resolution of one hour.
STRÅNG data used here are from the Swedish Meteorological and Hydrological Institute (SMHI) [5] , and were produced with support from the Swedish Radiation Protection Authority and the Swedish Environmental Agency.
The geographic positions that were used when obtaining STRÅNG data are listed below. 
RESULTS
Focus have been to compare the loss utilisation time between networks without PV generation and networks with different amounts of PV generation related to the maximum load.
